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摘要 
本论文以探究 Au 对 O2气氛下的立方 Gd2O3（c-Gd2O3）表面过氧物种光诱导
生成的促进作用为目的，探索了不同制备方法、Au 负载量、样品的浸渍时间、
焙烧温度、还原温度、激光功率、样品温度以及 Au 的粒径大小等因素对过氧物
种生成的影响，主要研究结果如下： 
(1) 在紫外激光（325 nm）照射下考察了 Au 对 c-Gd2O3表面过氧物种光诱
导生成的促进作用。结合 ICP、TEM、HAADF-STEM 和 XRD 等表征方法对样
品进行分析。研究表明，在室温和 O2气氛下，未经高温通 O2处理的 c-Gd2O3表
面经激光照射后未检测到过氧的 Raman 谱带，而在相同的实验条件下，采用浸
渍法、光还原法和沉积沉淀法制备的 Au/c-Gd2O3 表面均能检测到过氧物种的生
成，表明 Au 的添加可以显著促进 c-Gd2O3表面过氧物种的光诱导生成；对于采
用浸渍法制备的 Au/c-Gd2O3，Au 负载量为 0.25~0.5 wt%的样品较有利于过氧的
生成；浸渍时间过长（ 180 min）不利于过氧物种的生成；适当提高激光功率或
样品温度，有利于过氧物种的生成，但过高的激光功率或温度则会导致过氧物种
的分解；分子氧和光照依然是过氧物种生成的必要条件；对于高纯空气中焙烧或
通 H2还原的 Au/c-Gd2O3，样品上 Au 的粒径都会随着焙烧或还原温度的升高而
增大，但在相同的温度下，H2气氛中还原的样品比在空气中焙烧的样品上 Au 的
粒径略小；与小粒径（2~3 nm）的 Au 相比，大粒径（10 nm 以上）的 Au 可能
不利于分子氧（O2）的活化，因而不能较好的促进过氧物种的生成。 
    (2) 在 514 nm 激光照射下，O2气氛下的 Au/c-Gd2O3表面同样可以生成过氧
物种，表明在可见光照射下，Au 也可以显著促进 c-Gd2O3 表面过氧物种的光诱
导生成。 
 
关键词：c-Gd2O3；Au；原位 Raman 光谱；过氧物种；光诱导 
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Abstract 
This dissertation aimed to the studies of the promotion mechanism and 
influencing factors of Au for photo-induced formation of peroxide species on the 
surface of cubic Gd2O3 (c-Gd2O3) in the presence of oxygen. The influences of 
several variable parameters, such as the preparation methods, gold loading, 
impregnation time, temperature, laser power and size of gold nanoparticles, were 
investigated carefully. The main results are described as follows: 
 (1) The photo-induced formation of peroxide species on Au/c-Gd2O3 was 
discussed under the irradiation of 325 nm Laser. A varieties of characterizations (TEM, 
HAADF-STEM and XRD, etc) have been applied to character the structure of the 
samples. The results showed that the formation of peroxide species could be observed 
on the surface of Au/c-Gd2O3. The surface of c-Gd2O3 did not produce peroxide 
species without the high temperature under the same conditions. Au could promote the 
formation of peroxide species greatly; The best performace came out when the gold 
loading range from 0.25 to 0.5 wt%; Peroxide species was found to be decreased if the 
immersion time is too long; The appropriate rise of sample temperature and laser 
power are positive to  the formation of peroxide species as well as the rise of sample 
temperature brings the decomposition of peroxide species; The laser irradiation and 
oxygen are necessary for the formation of peroxide species. It is deduced that the 
mechanism do not change with the addition of Au; The crystal size of Au is smaller 
after calcination under H2 than under air conditions; TEM and Raman results showed 
that the size of gold nanoparticles in the range of 2-10 nm has a better role in 
promoting the production of peroxide. Furthermore, small (2-3 nm) gold particles 
showed the best performace. 
(2) Under the irradiation of 514 nm laser, the formation of peroxide species could 
be observed on the surface of Au/c-Gd2O3 in the presence of oxygen. This suggests 
that the addition of Au could also promot the photo-induced formation of peroxide 
species on c-Gd2O3 surface under the same conditions. 
Keywords: c-Gd2O3; Au; In-situ Raman Spectroscopy; Peroxide Species; Laser 
Induced 
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